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Regulatory sequence 

The present Invention relates to the field of plant molecular biology. In parser, the present 
invention desert the use of a regulatory promoter sequence of ^ nce GQS2 
5 regu.at.on of gene expression In plant cells of dicotyledonous plants. 

Plant genetic engineering has the potential to enable the production of pfcnts havino m 
manner of desirable traits, such as Increased parogen resistance, he bX^Zct 

Pieces of DNA from a heterologous source, or from the same source, into a plant th! 

relator/ ee<, U ,nee ^ ^ r^r^Tc^. * . ^ 

transcription inifialton complex are o.^^ T IT 9 ^ ™ "i* are part of the 
element, ca,ed ZZT'cZZT^ 7 *" Pr0m0,er ^ Spa* 

can Plnd an. e^rt « a^c^^" * "»* ta » ■""*•» **- 
DNA boxes have eaen^ed^n "=« *" Pr0,nOfer - «** «"»*- " 

influence the level of expression „m h ^ ODSen ' p,ant Cell4 (11) 1435-1441. 1992)that 

of ha teroto9 ous nudeic e Jd ae^l™ '7™** " *" "» 

>e „ 0.a. cJlT^rZrT'otr'T^^ 
defined parte of an oraantem fl . -«„ ™ onanism) or limited to 

developmental atagea TTZl . V " ~ °< » «»* 

*«, -eaaion,. A J^l^^T™'* «* 

expression, which can be fine tuned d****^ desirecf gene 
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at their disposal a variety of promoters with different expression patterns or with different time- 
controi features from which to choose. For many Industrial and agronomic applications, where 
the aim is to confer a given characteristic throughout the plant development and during any 
environmental or physical state of the plant, a constitutive promoter would be needed. A 
5 constitutive promoter may bs suitable for driving expression of selectable marker genes or may 
be used when the gene product of a particular gene Is to be Isolated and purified from the plant 
for commercial purposes. 

Frequently It is also desirable to use promoters that are regulated in a similar way and have a 

10 comparable expression pattern over a wide range of host species. The regulation of 
promoters, however, Is often specific to the source organism. Promoters from one plant 
species may not work in another, even when they belong to the same family, it is thought that 
the more evolutionary distance there is between the source organism and the accepting 
organism, the less likely It Is that the promoter from the source organism will be active and 

15 properly regulated in the accepting organism. 

Very few constitutive plant promoters that are active in a wide range of species have been 
isolated to date (Callis ef a/.. J. Biol. Chem. 265 12486-12493, 1990; Zhang et al. t Plant Cell 3 
1155-1165, 1991; de Pater et a/., Plant J. 2 837-844, 1992; Mandel et a/. Plant Mo!. Biol. 29 
995-1004, 1995; Baszczynskl et a/., Maydica 42 189-201, 1997). As a result, the cauliflower 

20 mosaic virus 35S (CaMV 35S; Odeli et a/., Nature 313 653-660, 1985) Is currently the most 
widely used constitutive promoter In plant science. Its regulation is well known and has been 
shown to work In many monocotyiedonous and dicotyledonous plant species, and even In 
some fungal species. The main drawback of such a promoter however is Its viral origin. Plants 
transformed with the CaMV35S promoter frequently show several undesirable characteristics, 

25 such as efficient silencing of the transgenes or increased recombination, leading to instability 
over time and over subsequent generations (Kohli ef aL. Plant J. 17 591-601, 1999; AJ-Kaff ef 
a/.. Nature Biotechnology 18 995-999, 2000). In addition, viral elements are often not desirable 
in transgenic products, both for regulatory reasons and for reasons of general public 
acceptance. 

30 

The promoter of the rice G0S2 gene, which encodes a translation initiation factor, is a strong 
constitutive promoter and has been shown to be active in rice, barley and ryegrass and many 
monocotyledons, with expression levels similar to that of CaMV 35S. 

35 It has now been found that the GOS2 promoter from rice is active in non-monocotyledonous 
plants, and has a similar expression pattern as the CaMV 36S promoter. Consequently, the 
present invention teaches the use of the GOS2 promoter for driving constitutive expression of 

2 
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nucleic acids In non-monocolyledonous plants. The present invention therefore provides a 
good alternative for the CalW35S promoter. 

The promoter of the present invention, when linked to a useful gene and transfer** in a plant 
or in a plant cell, enables an expression of that usefol gene. In addition, since the promoter of 
5 the present invention Is a constitutive promoter, it Is possible to use it as a promoter to drive 
the expression of the transferred useful gene in ail tissues at any developmental stage 

ZTl T ** Prom ° ter * ** PreSem lnvenfi0n te * pramoter originating from a 
monotonous plant, It is less ft* to be sensitive to silencing than ether dtafcWontJ 

10 d'ZT " ^ T 35S Prom ° ter ' ^ U96d fo SXpreSS *"~ useM g en T " 
10 dicolyledonous plants, such as Arabidopsis thafona. 

specification, individually or collectivelv and am , anH „1 u, „ Seated ln 10,3 

steps or features. * "* *" C0mblnatlon8 <* - V or more of these 

obtains dl,^ torn the ^effled SPe °"**'' " U * has n °' ™»— fly been 

30 ^ or LZiz^r^^rz s ? ,d no 1 
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sequences may differ depending upon the Intended host organism and upon the nature of the 
sequence to be expressed. In eukaryotes, regulatory sequences generally Include promoters, 
terminators, and, in some Instances, enhancers, and/or 5' and 3' untranslated sequences. The 
term "regulatory sequence" is intended to include, as a minimum, all components necessary 
5 for expression and may be also additional advantageous components. As used herein, a 
•promoter- Includes reference to a region of DNA upstream from the transcription start and 
Involved in binding RNA polymerase and other proteins to start transcription. Reference herein 
to a "promoter" is to be taken in its broadest context and includes the transcriptional regulatory 
sequences derived from a classical eukaryofc genomic gene, Including the TATA box which Is 
required for accurate transcription initiation, with or without a CCAAT box sequence and 
additional regulatory elements (i.e. upstream activating sequences, enhancers and silencers) 
which alter gene expression in response to developmental and/or external stimuli, or In a 
tissue-specific manner. Consequently, a repressive promoter's rate of transcription decreases 
in response to a repressing agent An Inducible promoter's rate of transcription Increases in 
response to an inducing agent A constitutive promoter's rate of transcription is not specifically 
regulated, though it can vary under the influence of general metabolic conditions. 

The term "promoter also includes the transcriptional reguiatory sequences of a classical 
prokaryotlc gene, in which case it may include a -35 box sequence and/or a -10 box 
transcriptional ragulatory sequences. The term "promoter" is a,so used to describe a synthetic 
or fusion ^molecule, or derivative which confers, activates or enhances expression of a nucleic 
aad molecule in a cel.. tissue or organ. The present invention thus also encompasses 
fragment, or vanants of SEQ ,D NOf, which may be joined by any means known in the art 
e.g by l.gatlon /„ vitm , to create hybrid regulatory sequences comprising mixtures of parts of 
regulatory elements from different sources, either natural or synthetic. Therefore, the invention 
also provides a hybrid regulatory nucleic acid sequence comprising the regulatory sequence 
represented by SEQ ID NO 1 or a fragment or variant thereof, funcflonally LZtZZ 
or more other regulatory sequences or fragments thereof. 

Promote* may contain additional copies of one or more specific regulatory elements to 
further enhance expression and/or to alter the spatial expression and/or temporal expression 

TTf T°* 10 WWCh * fe OP6rab * COnneCted - SU0h ^meTmay be 

mo^,lT 3 r er0 ' 0S0US Prorn ° ter S6qUenCe fo ^ ™»» * * -Id 
™mT2mc™: T WPPer ' "hasone, tetracycline, gibberellin, 

abSCfe ' C aC ' d ' aux,n ' Selene, jasmonate or salicylic acid, or to confe 

express™ of a nucleic acid molecule to specific cells, tissues or organs such as meristems 
.eaves, roots, embryo, flowers, seeds or fruits. In the context of the present Invent^' 
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premolar preferably is a plant-expmsslble premolar sequence em! more prefer 
sequence represent m 3EQ ,o N01. a funcdona. fragment cr a tunc*™, Jartant ,£ JJ 
TT» "ncdonar. when used «n reep« c a nucieia «* or pat JZ h 
understood a= having an essentia,* ^ * ^£ 

5 occurring nudetc acid or part thereof. naturally 

Jhe tare, ^uotete add sequencer*)-, •yn.cte.o acid mo,ecule(e)». ^oiynudeoMefrt" 
•nudeodde sequence^. -ONA sequencefsr or -genafa,". *J, used heZ t£l ' 
nucleoddes. either nbonuclaoddea (RNA) or deoxynbonuc^dea TuZL a c2 M tT . 

15 anient For example, a 00^^^^^ ^" rcm0Ved * 

stated, whereaa the aL r^adll^ , . * not 

* nature* U^ZZZZZZ *" ^ "* «* " 

"ORF" (a defined a, a nudeodde sequence^, ceThTT V" * ' W ° r 

«o a pdypepdde when £ LrLt "tET" ^ 
sequences, l.e. when the codin a sequence or "W^V 
coding sequence or ORF is boo^Ta 7- IT. °" KIPreSS " ,te «■"*• ^ 

25 codon. A coding sequel I T " Stert °° to ">"« a 3' Elation stop 

-combine* nu^ZTeZZ ^ ! te <» «NA mRNA. cDNa! 

genon.oDNA.^codingZue^oTor^ \™ nUfSKW nUCteoBde » 
sequences. 9 ^ <* °W can be interrupted by lntms mn a nMsic ^ 

Coding sequences, or genes essential,/ an ^i„ ^ 

substernal divergent nuctolc acM aequence^n bl Re< * ra ^ 
ess^theaa^prete^^^^^'^ » ~* agression o, 
ordtfferentaiieies of a givengene. orC.be deg^TvZ^ * """^ 
codon usage. Thus, amino adds such as m.,rT^ 9 0r ° r *"«•"•• In 

codc^reaa other amino ^ZTJ^^Z^Z «"™»"»* ** 
- up to a* different .don, ^ i ^^Z^ ~ 
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htto!/AAAWv.kazusa.orJD/codon. Allelic variants are further defined as comprising single 
nucleotide polymorphisms (SNPs) as well as small Insertion/deletion polymorphisms (INDELs; 
the size of INDELs is usually less than 100 bp). SNPs and INDELs form the largest set of 
sequence variants in naturally occurring polymorphic strains of most organisms. 



The term "fragment of a sequence" or "part of a sequence" means a truncated sequence of the 
original sequence in question. The truncated sequence (nucleic acid or protein sequence) can 
vary widely in length; the minimum size being a sequence of sufficient size to provide a 
sequence with at least a comparable function and/or activity of the original sequence in 

10 question, while the maximum size is not critical. In some applications, the maximum size 
usually is not substantially greater than thai required to provide the desired activity and/or 
functions) of the original sequence. These terms are not restrictive to the content of the DNA 
fragment or segment, which can be any DNA, with any functionality. For example the DNA 
fragment or segments can comprise many genes, with or without additional control elements, it 

1 5 can contain just spacer sequences etc. 

Furthermore, a variant of a DNA fragment encompasses a sequence showing homology to the 
sequence referred to is capable of promoting expression of an associated DNA sequence 
when reintroduced into a plant and is able to hybridise to the sequence referred to or to a 
20 portion thereof under stringent conditions. The person skilled In the art will appreciate that in 
this case, reactions under stringent conditions for hybridisation are typically carried out at a 
temperature of between 60°C and 65°C in 0.3 strength citrate buffer saline containing 0.1% 
SDS followed by rinsing at the same temperature with 0,3 strength citrate buffer saline 
containing 0. 1% SDS. 



"Expression' 1 means the production of a protein or nucleotide sequence in a cell itself or in a 
cell-free system, it includes transcription into an RNA product, post-transcriptional modification 
and/or translation to a protein product or polypeptide from a DNA encoding that product, as 
well as possible post-translationa! modifications. A coding sequence can be transcribed in 
30 sense or antlsense direction. 

A "non-monocotyledonous plant* comprises all plant species which belong to the kingdom 
Piantae as defined by ITIS fthe integrated Taxonomlc Information System 
(http://wwwjtis.usda.gov/index.htmi)], including the class of Magnoliopslda but without the 
35 class of the Liliopsida (Lillatae, Monocotyledonae), which are part of the division 
Magnoiiophyta, which on its turn belongs to the subkingdom Tracheobionta. 
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The Isolated nucleic add according to the present Invention can be used to drive gene 
expression in any plant, more specifically a non-monocotyledonous plant, in particular it is 
applicable to a dicotyledonous plant including a fodder or forage legume, ornamental plant, 
food crop, tree, or shrub. The preferred host plant species is Arabidopsfs thaliana. 

5 

Advantageously, the regulatory sequence represented by SEQ | D NO 1 or a ftinctlonal 
fragment or functional variant thereof is capable of driving expression of an associated nucleic 
acid sequence in a non-monocotyledonous plant. Such an associated nucleic acid sequence 
may be any heterologous DNA sequence derived from any organism which sequence is to be 
10 expressed in a non-monocotyledonous plant The heterologous DNA sequence may be 

ZZTtTTl ° r9anlSm ' inClUdin9 P,anfe ' WhlCh P ' ant ^ b ° the same piant 
ItlT T SeqUSnCe fe t0 be ,ntrodUCed ' ° r be ^rent Additionally or 
iTn ** SeqU8nCe may b8 nucleic acid 

15 TTHUefae. to ,„ven.ion also prov , des „ ^ ^ nudeje 

above, wheroln said associated „ uctoie add sequenc8 to a „ * sequll or 

20 T ,!T "T^T 38 * r '° P ° n *" y •» a juxtapose beWeen a 

20 roguletory and a coding nuance. wheroln to component, so described „ , n a «ZnZ! 

~g ton, to tUnaton ,„ tolr Intended manner. A rogatory sequenT^^ 

ach,eved under condHtons compatible w«h to control sequences .„ case toTZ 
sequence ie a promoter, it would be known to a skiiled »TZ'h ^ ^ 

ecWs.Heterologo.ienudeloacldsrefertoendosenousnucleloeclds i e nu^llT? 

~r wm,n r - but ** are ~* -* *— -- a :r^ t b 

d fferom chromosome! site 0/ to ceil. Heterologous nucieic adds can also be dedveoton 
another spaces end may be introduced as a bansgena for exampte b, transJLT ™! 
30 trensgene may be substenBally modified trom te nallve foro) „ ^p^^T"'"- Thls 
emrfronroem through dCtoerate human mentouMon. Afco e^^eT^u 
sequences can be modWed b y tnboductton to to pten, of mgutetcy sequenceTZlot 

3 S ^r^* b ^ M, ~ h «^^^~ 



In a second embodiment, there is provided a i-^mw^f . , 

provraea a recombinant nucleic acid, comprising at least 
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(i) a first nucleic acid sequence comprising a regulatory sequence as represented in 

SEQ ID NO 1 or a functional fragment or functional variant thereof, characterised In that said 
regulatory sequence is capable of driving expression of an associated nucleic acid sequence 
in a plant or plant cell, such plant or plant cell being of a systematic class other than Liliopsida: 
5 and optionally, ' . 

GO an associated nucleic acid sequence, wherein the associated nucleic acid 

sequence is heterologous to the first nucleic acid. 

The recombinant nucleic acid encompasses any means for the cloning of and/or transfer of a 
10 nucleic acid Into a host cell, including "vectors" or -Vector sequences", which can be Introduced 
in an onanism by transformation or transection, and which may either be integrated into the 
genome of the host cell or maintained in some form extrechromosomally. Vector sequences 
generally comprise a set of unique sites recognised by restriction enzymes, the multiple 
cloning site (MCS). wherein one or more non-vector sequenced) can be inserted. 

With "non-vector sequence" or "Insert" Is accordingly meant the desired ONA segment which 
one wshes to clone in one or more of the sites of the MCS. comprised within a vector The 
Insert can have on© or more genes. 

■Boston vectors" form a subset of vectora. which, by virtue of comprising the appmpriate 
mgutaton, sequences enabling the cmabon o, „ , mle ^ 
vector sequencer thus aHowing banscripbon and/or transition o, a nudefc iJtosZ, 
toere*. Expression vectors ere Known In the art enabling pro**, expansion I J^Z 
inching M (e. g . E cc*,, ta* Ce-g. s. oemwsfce. s.pombe, ZZlZZZ 
».s (e. s . bacutovba, expreee.cn vectors,, anlma, ce* (e. a . COS or CHO eels' and p£„ ^ 
<e.g. potato vbue X-based express^ vector, see e.g. Vance a, a,. 1 898 ^09^ 

Regulatory laments ensuring expression m ptokaryotlc and/br eukaryobc cells are wen known • 
to.hoseskilledin.heart.A prafenearegUetay.equenealea Wre^TCZ 

Z Pr T ? reaU ' 3, ™ y "-"»•«">"«.. f uncial CT. 

uncbona, variant tore*. When used In euxaryobo eels vac** may aJ ~ 
tamlnato* which contain ptxyadenyiabon signals ensuring tr p^oeaeing and po^nl^ 
of a prima* banecdp, and .ermlnabon of bans^, ,„ ^ ^ £ JSZ^ 

mgulatory elements may Include tranecdpbonal as wed as mutational enhanoara A oil 
translabonal enhancer often used Is the CaUv „„,„. ennanoers. A plant 

n useo is tne caMV omega sequences. The inclusion of an Intron 
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has been shown to Increase expression levels by up to 10<Hbld In certain plants (MM rt 
Transgenic Research 6 143-156, 1997; Ni, Plant Journal 7 (1995), 681-676). 

Advantageously, vectors of the .nventlon comprtae a selecteble and/or scorable mattar 
6 Setactooto marttar B enea useful for the aehcaon of transform*, plan. arts, cato. plant tiseue 
and panto are „a„ Known to those e«ed h the art. Antimetabolite rasWenoe ,a ^ 
a basts for selection: for example, the «- 8 ane oonfets raaietance to methotrexj^^ 
a. Rant Ph^o,. (Ufo Sd. Adv.) 13 143,<9. 1994Ji the m gene coT^iTtht 
amrnoglycosldea neomycin, tanemydn and pammomydn (Henera^tralla efef JLT, , 

> ,P*e of ^ne ^TZ^ZTS^ ^7£"Z7^ 
Pfro^ate /aomeraee enaMng cells to mannoae «£ ^^tTZ^ 

16 decease whld, confets raefcte„„ „ ^ ornithine de,^^ 1~ 
(drfluoromethyl>DL-ornlthlne or DFMO (McConloque 1987 i^TtT^ ' 2 " 

Molecular Blotogy, Cold Sprtng „J r - a^Ternr"™ " 

Asperse* teTOlK whic rMfe(ara „ " *» 9™ fram 

Blocbem. 59 2336-2338 19961 u„a,i „m Blas *°d,n S Centura. Bloscl. Blotechnol. 

protein (Getdas. FEES Lett 389 «4 7 19se . h-^JZ \, 1 8) - 9,BSn flUOrest »« 

2122 21» i oo*> „ , " "s^ 0 " " <"•. Proo- Na«. Acad. Sd U S.A <M 

The current Invention clearty haudee any recombinant nucleic acid 

vector comprising the regulatory seouancn =^1™. . ~ 0r """"""fan 

«*r sequence as defined sup^ ^ ** *" and/or a non. 

30 According to another embodiment the im/A«*u« i * 

coning a ~"°^om*,s Plan, cel, 

be stebly Integrated i„ to , ha aenom . " ° ^ "*™*>l<™* nucleic add may 

*o gravida, a callus or pCdl^ "o^onous pian, ceft The InvenJ, 
tovenb-on ,a a ^CT^ ** H "" n *" «~ *- 

35 according to the Invention co™L™ a " ProPafla * >n material * a "*™ 

aaguencerap^^CCTor eC 0 T ' » 

/ ^ iu imu. i or a fragment or variant thereof. 
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Furthermore, there is provided a method for expression of a nucleic acid sequence In a plant 
cell of a systematic class other than Liliopsida, which method comprises introducing Into a 
plant cell a regulatory sequence represented by SEQ ID NO 1 or a functional fragment or 
functional variant thereof, wherein said regulatory sequence Is capable of driving expression of 
5 said nucleic acid sequence which is either an isolated or endogenous nucleic acid sequence. 

Means for introducing recombinant DNA into plant tissue or cells include, but are not limited to, 
transformation using CaCI 2 and variations thereof, in particular the method described 
previously (Hananan, J. Mol. Biol, 166 (4) 557-580, 19B3)), direct DNA uptake into protoplasts 
10 (Krens et a/., Nature 296 72-74. 1982; Paszkowski et ah, EMBO J. 3 2717-2722, 1964), PEG- 
medfated uptake to protoplasts (Armstrong ef a/.. Plant Cell Reports 9 335-339, 1990) 
microparticie bombardment, electroporation (Fromm ef a/., Proc. Natl. Acad. Sci. U.S.A. 82 
5824-5826, 1985) microinjection of DNA (Crossway ef at., Mol. Gen. Gen. 202 179-185, 19S6; 
Fromm ef a/. Proc. Natl. Acad. Sci. U.S.A. 82 5824-5826. 1985), microparticie bombardment of 
15 tissue explants or cells (Christou et at.. Plant Physiol. 87 671-674, 1988), vacuum-infatratlon of 
tissue with nucleic acid, or in the case of plants, T-DNA-medlated transfer from Agrobacterfum 
to the plant tissue as described essentially (An ef at., EMBO J. 4 277-284, 1985; Dodds, Plant 
genetic engineering, 1985; Herrera-Estrella ef at., EMBO J. 2 987-995, 1983; Herrera- 
Estrella ef a/.. Nature 303 209-213, 1983). Methods for transformation of monocoiytedonous 
plants are well known in the art and Include ^tocferfu/n-mediated transformation (Cheng et 
aL 1997-W09748814; Hansen 1998- W09854961, Hiei etal. 1994 - WO9400977- Hleletal 
1998 - W09817813; Rlkiishi et al. 1999 - WO9904618; Saito et al. 1995 - WO9506722)' 
microprojectile bombardment (Adams et al. 1999 - US5969213- Bowen et al 1998 
US5736369; Chang et al. 1994 - WC9413822; Lundq'ulst et al. "l999 - 
US5874265/US5990390; Vasll and Vasil 1995 -US5405765; Walker et al. 1999 - US5955362) 
DNA uptake (Eyal et al. 1993 - W09318168), microinjection of AgrobactBrium cells (von Hott 
1994 - DE4309203) and sonication (Finer etal. 1997 - US5693512). 

For microparticie bombardment of cells, a microparticie is propelled into a cell to produce a 
transformed cell. Any suitable ballistic cell transformation methodology and apparatus can be 
used In performing the present invention. Exemplary apparatus and procedures are disclosed 
by Stomp et al. (U.S. Patent No. 5122466) arid Sanford and Wolf (U.S. Patent No 4945050) 
When using ballistic transformation procedures, the gene construct may incorporate a plasmid 
capable of replicating in the cell to be transformed. 

Examples of micropartlcles suitable for use In such systems include 1 to 5 pm gold spheres 
The DNA construct may be deposited on the microparticie by any suitable technique, such as 
by precipitation. 



10 



15 



20 



W 9 21 - 01 - 2 °03 18:01 

072-GOS2-PROV 



25 



30 



35 



The nudele add mo te cu.e of toe lwertian , „ „ 9enelic 

The invention further rote*, to a method tor toe produo«o n of transgenfc ptente. ptant oe»s or 
-ton. besaes compdatog toe ,„*«,„«,„, ,„ a p|ant , p[an , ^ or J ' > ^ 

add motecule acoordtoo to toe tover*on operablv llnk ed to an aaeodated 

add. Acting to aaotoar preened embodiment, toe mvantton retatoa to a transgente atom 
03. or plart as desedbed here above wherato toe nucteto add of toe tovemton ^ 
•raegrareomtotoegenonraoftoeplanteellorplant. ^ 

Whereto a call Is tanafarniad by toe genebo conatmd of too Invention a whnl. ^ . 
regenerated from toe transformed or transfer ~n , ™ sn "° n ' * whole I*"* * 
^ -n toe a. ^ ^^^^^27" ^"^^ 

ootyledons. hypoootyte, mogaoamatopLa *"* •"""J"- 

apica. medstem. axLy ZT^T^ *' ""^ me,fetema,k! tMU ° <°*. 
cowadon medstem a J hyplrmeXZ^ "f """^ **■ 
means a DrocosR hv «/H.#-.h «u * . 

me xerm organogenesis", as used herein, 
— The torn, -SZZT^ZTZ™ ^ » 

-TIT" a *" 9ensmlion <or T1> 

transfonnams (eg.. „ ce«s tranarormad JZZ to! n °' H ' SmS,0m,ad «»— 
«"^*.*.*m««^fr B * e ~» — «* of 

untranstormed sdon) P 1 3 <ransfom «d hrotetook grafted to an 
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The invention not only relates to a transgenic plant or plant tissue comprising plant cells as 
herein described but extends also to the harvestable parts of the transgenic plant, preferably 
selected from the group consisting of seeds, leaves, flowers, fruits, stem cultures, roots, 
tubers, rhizomes and bulbs. The invention also relates to the progeny derived from any of 
5 these transgenic plants or plant parts. 

The present invention also encompasses any use of an Isolated nucleic acid sequence 
comprising a regulatory sequence as represented by SEQ ID NO 1 or a functional fragment or 
functional variant thereof, characterised as above; including the use for driving constitutive 
10 expression of an associated sequence in a plant cell or plant of a systematic class other than 
Liiiopsida. Also Included is the use of a hybrid regulatory nucleic add as defined above for 
driving expression of an associated nucleic acid sequence. 

Description of figures 

15 Fig 1: Typical GUS expression pattern in a plant transformed with a p2203 construct and a 
control plant The GOS2 promotershows a strong constitutive expression in shoottlssues 
including the petioles, the vascular system, trichomas and In mot tips. Expression in other root 
tissues Is lower, but still easily noticeable. 



20 
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30 



Fig 2; GUS expression under control of the GOS2 promoter (lines AT0476-09 and AT0476- 
1 1). compared to GUS expression under control of the 35S promoter (line WS35S:GUS) For 
each line, 5 replicas were tested. The plants have 2 cotyledons and 2 true leaves and were 
stained for 1 hour (panel a) or were stained overnight (panel b). 

Fig 3: GUS expression under control of the GOS2 promoter (lines AT0476-09 and AT0476- 
1 1). compared to GUS expression under control of the 35S promoter (line WS35&GUS) For 
each line, 5 replicas were tested. The plants are in the 10 leaves stage and were stained for 1 
hour (panel a) or were stained overnight (panel b). 

Fig 4: GUS expression under control of the GOS2 promoter (lines AT0476-09 and AT0476- 
11), compared to GUS expression under control of the 35S promoter in line WS3SS:GUS For 
each irne. 5 replicas were tested. The plants are in the adult stage with an inflorescence and 
were stained for 1 hour (panel a) or were stained overnight (panel b). 
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Examples 

The present invention wfll now be illustrated with the following examples. 



DNA manipulation 

York). 



. . , , , " ■ mioiuotis iwianiatis T e 

Molecular Coning: a laboratory manuai, Cold Spring Harbor Laboratory Press. c SH . New 



Example 1: Cloning ofGUS with intron coding sequence 

10 The B co/rp-glucuronidase gene, interrupted by the 6e con<* i„^ n . 

the one of p MO G563, MOGEN Internationa. n.v. LEIDEN, NETHB^STT nT! 
ampimed by PGR wi* Pfctlnum Pbc DNA porymerase (llZn^,n fl ^ 
Including attB1 (SEQ id N02> and « n arM . unv,tragen > and "Sfng a sense primer 

^ a i (t>tG id N02) and an antisense primer including attB2 (SEQ ID N03). 

Condftions for PCR were: 2 minutes of denaturafion at 94'C f1 cvri.v « „ , 
denaturation at 94»C. 1 minute annealing at 58-C Jd 7 ^ V * 1 m,nUte 

finally 1 cycle of 5 minutes elongaZ 68 «c A orolS * «' 

was isolated from gel and' puZ using T ' 

20 Research, Orange, California). ^ociean Gel DNA Recovery Kit (Zymo 

Mtagn ° •*° 4 (en,,y *"* "as obtains,, fc, 

t 

*n* C J s Ti^Tl hT° ^ 3 CaSSe ' te - "«W forLR 
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Example 2: Transformation of plants 

5 Cultivation of the parental plants 

For the parental plants, approximately 12mg of wild-type Arabldopsis thaliana (ecotype 
Columbia) seeds were suspended in 27.5 ml of 0.2 % agar solution. The seeds were 
incubated for 2 to 3 days at a temperature of 4*C and then sown. The plants were germinated 
under standardised conditions: 22°C during the day, 18°C at night, with a relative humidity of 
10 65-70%, 12 hours of photoperiod and sub-irrigation with water for 15 mln every 2 or 3 days. 
The seedlings were then transplanted into pots with a diameter of 5.5cm. containing a mixture 
of sand and peat in a ratio of 1 to 3. The plants were then further grown under the same 
standard conditions as mentioned above. 



1 5 Agrobacterium growth conditions and preparation 

Agrobacterium strain C58C1RIF with helper plasmid pMP90 and vector p2203 was Inoculated 
in a 50 ml plastic tube containing 1 ml LB (Luria-Bertani Broth) without antibiotic. The culture 
was shaken for 8-9h at 28°C. Next, 10 ml of LB without antibiotic was added to the plastic 
tube and shaken overnight at 28°C. Following this, the OD at 600 nm was measured. At an 

20 optical density of approximately 2.0, 40 ml of 10% sucrose and 0.05% Sitwet L-77 (a mixture of 
84 % polyalkyleneoxlde modified heptemethyltrisiloxane and 16% allyloxypolyethyleneglycol 
methyl ether, OSl Specialties Inc) was added to the culture. The Agrobacterium culture thus 
obtained was used to transform the grown plants. 

25 Flower dip 

When each parental flower had one inflorescence of 7-10 cm in height, the inflorescences 
were submerged fn the Agrobactarfum culture and swined gently for 2-3 seconds. For each 
transformation 2 plants were used. Hereafter, the plants were returned to the growing 
conditions as described above. 

30 

seed collection 

5 weeks after the flowers were dipped fn the Agrobacterium culture, watering of the plants was 
stopped. The plants were further incubated at 25°C with a photoperiod of 20 hours. One week 
later, the seeds were harvested and placed In a seed drier during one week. The seeds were 
35 then cleaned, collected in 15 ml plastic tubes and stored at 4*C until further processing. 
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T1 seeds generation 

Transgenic TO seeds were setected under UV light for their GFP expression, and germinated 
Plants were grown as described above, ur*| T1 seeds were harvested. The dCmTes 
were given the name AT0476-XX, where is a number 

5 

Bramp/e * Comparer, of the GOS2 and tho 35$ promoter in Aratidopsis- 
The expression pattern of the p-glucuronldase gene and strength of the GO S2 JLL, 
compared with those of the 353 promoter in Arabidopsis. 

1 0 p/anf material used: 

AT047S-1 1 : cassette G0S2-6US and cassette 35S GFP (vector P 2203. m . 
AT047&-09: cas Sette GOS2-QUS and cassette 3 5S GFP veto p2203 n\ Tl 
WS35S:GUS: cassette 3SS-GUS no GFP se. e JT h W ^ 

homozygous seeds), Wassnews^ ZZZ^' Vere * i,tes 

15 

Procedure; 

Around 100 seeds, after being kept at a temperature of 4»c for at ^ , „ 
soil and the plants were cultivated under IJl^ZZ^ "~ 80W " * 
night, 65-70% relative humidity 1? k«™ ^ - O, " raons - 2* c durng the day, le'c at 
20 *very2 or3 days. ^ * plwtope * d ' w«h water for 1S mtn 

When the plants had 2 cotyledons end 2 tree leaves GFP „™ - . 
editored under UVllghtand plants wimauroTr™ "«"*«»°" " Kro4 ™ »"s 
Nea. 10 plants of each GOS2 or Z^Zl i K<Pre5S ' 0n P-ttm rata, "«'- 

5 of .a plant ^ntToToTd^oTh *" *" ~ ** * 
«M ovemw. Theshortataimno^he^ta^s J^,* 1 ? ^ " ^ 
of the premolars. , fte stamina reaction „ JZ££?? *" re,a " Va 

must be reduced, tffhe *J fe " *" ,han 1 *■* <"* '"oubaBon dree 

WCfeaaed to 2-3 houre Finally 7Z T, "* ,ncubalion •» "W »e 

M were carefujso^l T ****** * — » <L- 

cu«««on. When Jp*n^ZcTeo^e 1 ^ ' ndMdUa ' — ' "° te ** • 
rotated, ,abe»ed aw ^TjZl^l ^ ,0ptenb 

-me. 10 plants per * tS^^t^tT * 
processed as above. maturaton stages were Isolated and 

Plant GUS staining procedure 
The material was covered with 90 % 

v**hes ofSminutes with £ ^ ^^J? h ^ fcr3ttBfc -^^ 

Tns buffer £16,76 g Trtema HCi (Sigma T3253) + 2.922 g NaCI in 1 . 



25 



30 



35 



21 /01 '03 17:54 PAX 32924150 89 CROPDgSIGN N.V. fg, 024 

(jj^ ^^ 024 21.01.2003 18:04:0 

072-GOS2-PROV 

double distilled water, adjusted pH to 7,0 with NaOH], the material was immersed In a 
Tris/ferricyanate/X-GIuc solution [9,8 mi Tris buffer + 0,2 ml fenicyanate stock (0,33 g 
Potassium fenicyanate (Sigma P3667) in 10 ml Tris buffer)* 0,2 ml X-Glue stock (26,1 mg X- 
Gluc (Europa Bioproducts ML 113A) in 500 pi DMSO)]. Vacuum infiltration was applied for 15 
5 to 30 minutes. Next, the samples were incubated for an appropriate time (up to 16 hours) at 37 
°C for development of the blue colour. The samples were washed 3 times during 5 minutes 
with Tris buffer. Chlorophyll was extracted In a series of 50 %, 70 % and 90 % ethanol (each 
for 30 minutes) with refreshments of the 90 % solution If necessary. 



10 Results 

The GOS2 promoter shows a strong constitutive expression in shoot tissues, including the 
petioles, the vascular system and trichomes. Except for the root tips, the expression in root 
tissues is lower, but is still easily detectable (Fig 1). 

For all the plants with the same Incubation time during staining (1hr or overnight), the pattern 
15 of GUS expression was similar. The GOS2 staining was as strong as 35S, at ail stages that 
were sampled (2 leaves* 2 cotyledons, 10 leaves stage and flowering stage). GOS2 appears 
equally strong and equally constitutive as 35S in Arabldopsfs (Figs 2, 3 and 4)> 
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Claims 



1) An Isolated regulatory nucleic acid sequence comprising a regulatory sequence as 
5 represented in SEQ ID NO 1 or a functional fragment or functional variant thereof 
characterised in that said regulatory sequence is capable of driving expression of an 
associated nucleic acid sequence In a plant or plant cell, said plant or plant cell being of a 
systematic class other than Ulfopsida. 

10 TTT T lalMy mx **° aM sequenoe aroortln8 * **■ *. — 

nucWo add sequence b an mm nuole , c acid „ 
sequence endogenous to the host cell In which the promoter Is Introduced. 



3) An isolated regulator/ nucleic acid sequence according to claim 1, which 
15 promoter sequence. 



sequence is a 



20 



4) A hybrid regulatory nucleic acid sequence comprising the reaulatorv — 
ormoreotherregulatorysequencesorfragmentethereof. 

5) A recombinant nucleic acid, comprising at least 



(0 
00 



25 



oXnir nUC ' eiC S6qUenCe ™° to ctefm « «■ 

an assorted nucleic add sequence, wherein said associated nucleic add 
sequence is heterologous to the sequence of (I). 



6) 



30 7) A callus or a plant consisting essentially of plant cells 



according to claim 6. 



8) 

7. 



A harvestable part, organ, tissue or propagation material of 



a plant according to claim 
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variant thereof, wherein said regulatory sequence is capable of driving expression of said 
nucleic acid sequence which is either an isolated or endogenous nucleic acid sequence. 

10} Use of an isolated nucleic acid sequence according to claim 1 for driving expression of 
5 an associated nucleic acid sequence In a plant or plant cell, said plant or plant cell being of a 
systematic class other than Liliopslda. 

11) Use of the hybrid regulatory nucleic acfd according to claim 4 for driving expression of 
an associated nucleic acid sequence. 

10 
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Abstract 
Regulatory sequence 

The present invention relates to the field of plant molecular biology, in particular, it describes 
the use of a regulatory nucleic acid sequence of the rice gene GOS2 for the regulation of gene 
expression In plant cells derived from plants other than monocolyledonous plants. The use of 
the regulatory sequence of the present invention results in constitutive expression with 
expression levels similar to that of CaMV 35S. 

The present invention also relates to vectors and host cells comprising these nucleic acid 
sequences. The invention further relates to transgenic cells and plants comprising these 
sequences and to methods for obtaining such cells and plants. 



19 




FIGURE 1 



21/01 '03 17:56 FAX 3292415089 CROPDESIGW N.Y. 

029 21.01.2003 18:05:52 



072-GOS2-PROV 





FIGURE 3 



21/01 '03 18:00 PAX 3292415060 



-CBQEPESIGN N.V. 



©033 



033 21.01.2003 18:10:35 



072-G0S2 -BROIjf r ST25 . txt 
SEQUENCE LISTING"' 



<110> CropDeeign N.V. 

<I20> Regulatory sequence 

<130> 072 -GOS2 -PRQV 

<lo0> 3 

<170> Patentln veraion 3*1 

<210> i 

<2XX> 2195 



<212> 

<213> Oryza aativa 



<400> 1 
aatccgaaaa 

aaatataaaa 

catccaccta 

tttccttagt 

tctgtcatga 

aaaaaatott 

agaatgaaga 

agtttgtgca 

tatttagtaa 

aaggtactfca 

gttcaacfcag 

tctgraattca 

ataafctttaa 

aaaaaaaaag 

caacagagtg 




caatataggg 

agaactatgt 

.agtcgctaca 

fg ttagaatata 

,catcaaact:c 

i attttttttt 

atataattat 

tcttactcca 

it atctxttttc 

;gt gagtgcacct 

ffet , aatacattta 

m taatatctaa 

itja tttaggtttt 
f 

jc catattgggc 
i 

a tgatctaacg" 



aaegtgtgct 

aagaaaaact 

ctagtttagt 

cgttcacatc 

ttcttgaata 

aaaaaaaaat 

ataattttat 

tctaaatttt 

gattagatgc 

cafccatacac 

ggtagcaata 

eataoaaaaa 

tcacatacaa 

acacaggcaa 

gaggacagca 



60 

120 
180 

240 

300 

360 

420 

480 

540 

$00 

660 

720 

7flO 

840 

900 
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agtccgcaac aaccttttaa 
aaaaccaagc atcctcctcc 
taggaggcat ccaagccaag 
agcgaccgcc ttcttegatc 
taoaccfccct ectcacaggg 
tgtgtagtac gggcgttgat 
fcggatttggg atagaggggt 
afcggttttca afccgtctgga 
gcgattttgt gagtaaattfc 
gcaataaaag tacafcttgtt 
agctatcctfc fcgtttattcc 
^g^tgagafcfc gaatgafctga 
atacagtagt ccccatcaeg 
trccctgttct tccgatfctgc 
cactttctgg ttcagttcaa 
tagctgtagfc fccagtttata 
gattfcctgat. ctccattttt 
ggattatttt tttxattagc 
actgtcctca afcfcttgtttt 
tacctgtaga agtttctttt 
gaagcfcgtaa fccgggatagt 
cttggtgtag cttgccactt 



072 

cagcaggctt 
tcccatcfcat 
aagagggaga 
catatcttcc 
tatgtgecct 
gttaggaaag 
tcfctgatgtt 
gagcfcctatg 
tgfcttgaggt 
tggtcctcga 
ctattgaaca 
ttcttaagec 
aaattcatga 
tttagtccca 
tgaattgatt 
ggtaataccc 
aattatatga 
tfctcacccct 
caaattcaca 
tggttatfccc 
tatactgctc 
tic ac cage aa 



-<3OS2-PR0\L'ST25 , txfc 
tgcggccaTC agagaggagg 
aaattcct|f: ccectttfccc 
gcaccaagga cacgcgacta 



ggtcgagtfip ttggtcgatc 

! St 

tcggttgttte ttggattfcat 
&ggatclbg.ta tctgtgatga 
gcatgtkatc ggttcggttt 



gaaat:gaa|t ggtttagggt 
aaaatcagjg caceggtgat 
ttctggrtagfc gatgattctc 
aaaatafcfcfcfc .aactttgaag 
tgtccaaalt fctcgaagctg 
aaacagttat aatcctcagg 
gaacfc^ttft tcccaaatat 
gctacaa'ajfea atgettttat 
ctatagfttjea gtcaggagaa 
aatgaartUfc agcataagca 
fceattattjet gagctgaaag 
tcgattatkjjt. atcgattatc 
ttgac€gclt 



gtfccttat 



agttc j 



<:210> 2 

<211> 61 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> sense primer atfcBl 

<400> 2 

9gggacaagc ttgtacaaaa aagcaggctt aacaa 



gafctacagaa 



ra ttcatfctcct 



agaggcaaag 
cafcetctata 
geagaagecg 
fccttcaatcc 
fcgttctaggt 
ttccfcgttct 
gattagtagt 
aeggaatefct 
fcttgcttggt 
gafcttgacga 
aeggtceegt: 
gcttgtttag 
aacaggggat 
ctfcaaaaagfc 
agegttatec 
gaacttatcc 
gfcattcattt 
tcfcggcatga 
ctcttgtata 
agaaatttat 
ttgtgcagfct 



is 




.a cgtcctgtag aaaccaoaac 



960 
1020 
X080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2195 



60 
61 
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J.I. 

<210> 3 
<211> 52 
<212> DMA 

<213> Artificial sequence 
<220> 

<223> antiaense primer attB2 
gggg*aaact ttgtacaaga aagctgggtt tgttgatt&a ttgtttgcct cc 
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